Abstract There are few studies involving the detection of Aichivirus B in cattle herds worldwide, and this virus has never been diagnosed in South America. This study evaluated 222 diarrhoeic faecal samples from four Brazilian geographical regions (South, Southeast, Midwest, and North), collected between February 2010 to May 2012. To evaluate the frequency of occurrence in different types of livestock, samples from beef (n=105) and dairy (n=117) cattle herds were evaluated. To determine the category of animals more susceptible to infection, the sampling included samples from calves (n= 182) and adults animals (n=40). The 216 bp fragment of the Aichivirus RdRp gene was amplified by a RT-PCR assay in 18.2 % (40/222) of the samples evaluated in both beef and dairy cattle animals. The highest (P<0.05) detection rate (20.9 %; 38/182) of the Aichivirus B was found in calves. The nucleotide sequencing analysis showed that the Brazilian Aichivirus B strains clustered in a distinct branch in the phylogenetic tree of the European and Asiatic strains. This is the first description of Aichivirus B infection in Brazilian cattle herds.
Introduction
The genus Kobuvirus belongs to the Picornaviridae family, and the virions are non-enveloped, with icosahedral symmetry and a diameter of 27-30 nm. The virus genome consists of single-stranded positive-sense RNA, and its size ranges from 8.2 to 8.4 Kb (Reuter et al. 2011) .
Currently, the Kobuvirus genus includes three species, designated as Aichivirus A, Aichivirus B, and Aichivirus C, which can cause infections in humans, cattle, and pigs, respectively (ICTV 2013) .
Aichivirus A (A846/88 strain) was first isolated in 1989 from a patient with nonbacterial acute gastroenteritis in an outbreak in Japan. The cases were associated with consumption of oysters (Yamashita et al. 1991) . Additionally, in Japan during the year 2003, Aichivirus B (U-I strain) was detected in bovine serum and faecal samples from clinically healthy cattle (Yamashita et al. 2003) . In 2007, the Aichivirus C (S-1-HUN strain) was identified in a healthy piglet in Hungary (Reuter et al. 2008) .
In addition to humans, cattle, and pigs, infections of the kobuvirus have been described in other animal species such as dogs (Li et al. 2011; Kapoor et al. 2011) , bats (Li et al. 2010) , wild boar (Reuter et al. 2013) , and sheep (Reuter et al. 2010) . Reuter et al. (2011) believe that there is a high possibility of kobuvirus also infecting wild animals.
There are few studies involving the detection of Aichivirus B in cattle. Analyzing a small number of the faecal samples (n=9), Barry et al. (2011) reported a high infection rate of Aichivirus B in the Netherlands. In Thailand, this virus has been detected in diarrhoeic faecal samples of calves between 7 and 49 days of age (Khamrin et al. 2008) . In Hungary, the Aichivirus B was also described by Reuter and Egyed (2009) in adult cattle. In South Korea, Park et al. (2011) analysed faecal samples from cattle with diarrhoea, and detected higher presence of Aichivirus B in calves than in adults. Jeoung et al. (2011) identified this virus in faecal samples of symptomatic and asymptomatic calves (≤30-day-old). In Europe, epidemiological studies were conducted in animals with (Mauroy et al. 2009 ) and without (Di Martino et al. 2012) diarrhoea, showing the presence of Aichivirus B.
The kobuvirus is considered a new enteric virus, and the clinical consequences of the infection caused by this agent are not yet established in Brazil. In this study, we investigated the prevalence of the Aichivirus B in faecal samples of Brazilian cattle herds and the relationship of Aichivirus B with other viruses that can cause diarrhoea in cattle.
Materials and methods

Inclusion criteria
A total of 222 diarrhoeic faecal samples were collected between February 2010 and May 2012. The sampling was representative of the four main geographical regions of Brazil with high numbers of bovine livestock (South, Southeast, Midwest, and North). As a secondary inclusion criterion, faecal samples from beef (n=105) and dairy (n= 117) cattle herds were selected to evaluate the frequency of kobuvirus infection in different types of livestock. Finally, to determine the category of animals most susceptible to infection, diarrhoeic faecal samples from young (calves≤60 days old, n=182) and adult animals (≥ 1 year old, n=40) were selected. Table 1 shows the distribution of diarrhoeic faecal samples included in this study according to the origin, rearing system of the farms, and age of the animals.
RNA extraction
Faecal suspensions were prepared at 10-20 % (w/v) in 0.01 M phosphate-buffered saline (PBS) pH 7.2 (137 mM NaCl; 3 mM KCl; 8 mM Na 2 HPO 4 ; 14 mM KH 2 PO 4 ), and centrifuged at 3,000×g for 5 min. The RNA extraction was performed with 400 μL of faecal suspensions using a combination of phenol/chloroform/isoamyl alcohol (25:24:1) and silica/guanidinium isothiocyanate methods as described by Alfieri et al. (2006) . The RNA was eluted in 50 μL of ultrapure RNase-free DEPC-treated sterile water. Sterile water was included as a negative control in all viral RNA extraction procedures.
Virological analysis
The RT-PCR assay to detect the kobuvirus was performed using the primers UNIV-kobu-F/R that were designed based on Kobuvirus strains, which target a 216 bp region of the RdRp gene ).
The SN-PCR assay for the bovine coronavirus was performed according to Takiuchi et al. (2006) to amplify a sequence based on the highly conserved region from the Mebus strain N gene (GenBank accession number U00735) with a predicted product of 251 bp.
The RT-PCR and SN-PCR products were analysed by electrophoresis in a 2 % agarose gel in TBE buffer pH 8.4 (89 mM Tris; 89 mM boric acid; 2 mM EDTA), stained with ethidium bromide, and visualized under UV light.
The presence of segmented double-stranded RNA (dsRNA) of rotavirus in the diarrhoeic faecal samples was evaluated by polyacrylamide gel electrophoresis (PAGE) technique (Pereira et al. 1983 ) followed by silver staining according to Herring et al. (1982) .
Sequencing and phylogenetic analysis
One RT-PCR positive faecal sample with better quality of each positive herd (n=21) was submitted to sequencing analysis to confirm the presence of Aichivirus B. RT-PCR 
Results
A product of 216 bp from the kobuvirus RdRp gene was amplified in 18.2 % (40/222) of the diarrhoeic faecal samples. Aichivirus B positive faecal samples originated from Brazilian geographical regions, and the states that were evaluated are shown in Table 2 . Table 3 shows the distribution of diarrhoeic faecal samples that were positive for Aichivirus B collected from beef and dairy cattle herds and from calves and adult animals. The frequency of positive faecal samples from calves was statistically higher than in adult animals (P=0.0367).
The 21 RT-PCR amplicons were sequenced and confirmed the presence of Aichivirus B RdRp gene. Four Aichivirus B nucleotide sequences from calves (≤60 days old) with better quality were selected to perform the phylogenetic analysis. The four sequences (BRA09/2011, BRA1682/2011, BRA02/ 2012, and BRA55/2012) analysed in this study formed a new branch in the phylogenetic tree (Fig. 1) . The BRA09/2011 strain showed high nucleotide identity (93.7 %) with the Hungary strain (FJ225406), while the BRA1682/2011, BRA02/2012, and BRA55/2012 strains presented high nucleotide identity (91.6 % to 92.1 %; 93.7 % to 94.2 %; 94.2 %) with the Thailand strains (EF659450, EF659451, and EF659454), respectively. The gene sequences described in the present study have been deposited in the GenBank database under accession numbers KC921389, KC921390, KC921391, and KJ402443.
The presence of co-infection with other enteropathogenic virus was found only in dairy production herds. Five of the 38 Aichivirus B positive faecal samples of calves presented coinfection with other enteric viruses, including the bovine group A rotavirus (n=2) and bovine coronavirus (n=3).
Discussion
The RNA of Aichivirus B was detected in all Brazilian regions included in this study and represents the first detection of this virus. Similar rates of Aichivirus B infection were detected in the three regions; South (19.17 %), Southeast (23.1 %), and North (20 %). The Midwest region showed the lowest detection rate (9.76 %). These results suggest that the infection is disseminated in Brazilian beef and dairy cattle herds.
Aichivirus B was detected in 58 % (21/36) of the cattle herds evaluated (data not shown), and all regions included in the survey had at least one infected herd. The Parana State demonstrated the highest rate of virus detection, with 50 % of herds testing positive, which shows that Aichivirus B infection in cattle is widespread among herds in this state. Comparing the two types of livestock production, the highest (22.2 %; 26/ 117) detection rate of Aichivirus B positive diarrhoeic faecal samples was found in dairy herds, while in beef cattle herds the virus was found in 13.3 % (14/105) of the evaluated samples. However, there was no statistically significant difference (P>0.05) between the presence of infection in dairy and beef herds. Aichivirus B has been detected in Japan (Yamashita et al. 2003) , Thailand (Khamrin et al. 2008) , Belgium (Mauroy et al. 2009 , and the Netherlands (Barry et al. 2011) , respectively. In this study Aichivirus B was detected in 20.9 % (38/182) of the faecal samples from calves ≤60 days of age, while studies performed in South Korea found the Aichivirus B in 40.9 % and 66.7 % of samples from calves Park et al. 2011) . The high prevalence of infection in young animals can be explained by the fact that this virus belongs to the group of agents responsible for neonatal disease, which has also been observed in pigs, and the highest positive rate for Aichivirus C is found in piglets (Park et al. 2010; Ribeiro et al. 2013; Verma et al. 2013) .
There are few studies analysing the presence of Aichivirus B in adult animals with diarrhoea. In this report, Aichivirus B infection was more frequent (P<0.05) in calves than in adult animals ( Table 2 ). In Hungary, Reuter and Egyed (2009) described that 6.25 % (2/32) of the 1-year-old animals were positive for Aichivirus B. In South Korea, Park et al. (2011) showed that 18.4 % (9 out of 49) of the cows evaluated were positive for Aichivirus B. In the present study, this virus was identified only in 5 % (2/40) of diarrhoeic faecal samples from animals older than 1 year. In addition to cattle, in pigs the percentage of the positive animals decreased with increasing age Ribeiro et al. 2013) .
The highest rate of positive results of Aichivirus B is found in animals with clinical signs of diarrhoea Di Martino et al. 2012) . The presence of gastroenteritis that is caused by Aichivirus has been reported by Park et al. (2011) who found a high frequency (25.8 %; 16/62) of positive faecal samples from diarrhoeic animals. However, some studies have described the Aichivirus B in asymptomatic animals (Reuter and Egyed 2009; Di Martino et al. 2012) . The sequencing analysis of four amplicons confirmed the presence of Aichivirus B RNA in the faecal samples. The Brazilian Aichivirus B strains formed a distinct branch in the phylogenetic tree compared with the sequences belonging to other countries (Hungary, Japan, Thailand, Italy, South Korea, and the Netherlands).
In humans, isolates of Aichivirus have been found only in patients with gastroenteritis, which has also been described in swine, and there are studies in cattle describing the presence of this virus in cases of gastroenteritis (Yamashita et al. 2003; Jeoung et al. 2011; Ribeiro et al. 2013) .
In this study, the presence of co-infection with other viral agents responsible for causing diarrhoea in cattle was observed in only five (13.2 %; 5/38) positive Aichivirus B diarrhoeic faecal samples of calves. This result agrees with the study realised by Jeoung et al. (2011) , in which low Aichivirus B interaction with other agents was demonstrated in the faecal samples of the cattle that were evaluated.
However, the involvement of Aichivirus B as an enteropathogen is not yet well elucidated. Experimental infections in gnotobiotic animals are necessary to determine the involvement of this virus as an enteric disease in cattle.
In conclusion, this is the first report of detection of Aichivirus B in Brazilian beef and dairy cattle herds. The virus was detected in all four geographical regions and eight states included in this study, suggesting that it is distributed across the country. The frequency of infection in diarrhoeic animals is higher in calves than in adults.
